The concentration of free, ionized magnesium in undiluted blood serum can be determined potentiometncally with a new magnesium-selective carrier in polymeric membrane electrodes (by weight 66% plasticizer, -33% polyvinyl chloride, and -.1% ionophore). However, discrimination of calcium by the new ionophore-added membrane is not sufficient to keep calcium interference to <1%. To correct for the interference by calcium, we determine the calcium activity of the serum sample with a calcium-selective electrode and calibrate the magnesium-selective electrode with standard solutions containing calcium in the concentrations found. In this way we determined the free ionized magnesium in five plasma samples from five differentdpersons and found it to be within the range expected for magnesium in undiluted serum.
units by a chain of six to 12 methylene groups leads to carriers that, when used in polymeric membranes containing 70 mol of tetraphenyl-borate anions per 100 mol of ligand, promote the discrimination of sodium and potassium against magnesium (5). Here we describe a new magnesium-selective electrode based on ionophores with malondiamide subunits, which can be used for measurements in blood serum. The calcium activity, present at physiological concentrations, still interferes but can be corrected for by calibrating the electrode with solutions containing calcium at the same physiological activity. The design of ionophores with improved Ca2 rejection and higher lipophilicity is in progress.
Materials and Methods
Electrode preparation and measurement of electromotive force (emf).' The membrane preparation and measuring technique have been described in detail elsewhere (6). The membrane composition (by weight) of the magnesium electrode is as follows: 1% ionophore Resistance. Resistance measurements were carried out as described by Oesch and Simon (9), the precision of the determination of the membrane resistance, R, being Uog R) <0.2.
Lipophilicity.
The lipophilicity, P, was determined by thin-layer chromatography on reversed-phase silica plates (KC18F; Whatman, Clifton, NJ), eluted with ethanollwater (7/3, by vol), and calibrated with nine compounds of known lipophilicity (0 < log P. -4.
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Results and Discussion
The constitution of the new magnesium-selective Figure 1 . The ionophore was designed to provide six carbonyl groups to allow for a 1:1 Mg2 :ligand complexation in an octahedral coordination sphere. As described elsewhere (11), a neutral carrier forming a 1:1 complex of alkaline earth metal:ligand exhibits the highest selectivities if the polymer membrane contains anionic sites in a molar ratio of about 1.62 relative to the ligand. For a 1:2 and 1:3 stoichiometry the optimal relative site concentrations are 73 and 46 mol per 100 mol of ligand, respectively (11). 
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--Rb' times to reach 90% and 95% of the emf difference), when changing the sample from a 1 mmollL to a 10 minol/L MgCl2 solution at the physiological ion background. The membrane resistance was determined to be 1.4' 10 fl. The lipophilicity of the ionophore ETH 5282 was measured as log P.rLc = 5.5. This is theoretically sufficient for a continuous-use electrode life in aqueous solutions for several years and for a few hours in undiluted blood serum (14).
Calibration curves had slopes of 29.3 mV at an activity range of 4.8' 10_2 to 9.7' 106 mol/L in pure magnesium chloride solutions and 32.4 mV at an activity range of 4.7 102 to 3.5 10' moIJL in samples with a physiological ion background (theoretical: 29.2 mV). Figure 3 shows the response of the electrode to standards of ionic magnesium in the reference interval at constant calcium background concentrations of 1, 1.2, and 1.4 mmoll L, respectively.
The standards also contained sodium and potassium at physiological concentrations. Three distinct calibration curves were obtained for the three values for calcium background.
At the high and the low ends of the reference interval, the differeflce in the emf values were 1.6 and 2.7 mV, respectively, attributable to the variation' of the calcium concentration. This behavior is to be expected, because calcium contributes relatively less to the sensor signal at higher magnesium concentrations.
The reference interval for the concentration of free magnesium ions in serum is 0.45 to 0.8 mmolJL (12, see above). For this range the magnesium electrode shows an emf difference of about 4 mV. Therefore the error caused by the calcium interference cannot be neglected. This problem can be overcome by determining, with a calcium-selective electrode, the calcium activity of the serum sample to be measured and
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calibrating the magnesium electrode with standards containing the corresponding calcium concentration. Solvent-polymeric-membrane electrodes used for measurements in serum often show a shift of the standard potential (E0) after a first contact with these solutions. This E0 shift is caused by interactions of proteins with the membrane (15) . The standard potential E0 of the electrode described here shifted by about 0.4 mV after the first contact with serum. This E0 shift was sometimes constant during fui'ther serum contacts (Figure 4a ), but occasionally it increased or decreased irregularly (Figure   4b, c) . To circumvent this effect, we measured magnesium in a standard solution after every serum contact. We then calculated the magnesium activity of a serum sample by shifting the calibration curve by the value of theE0 shift found. The slope, stability, and reproducibility of the electrode in aqueous solutions did not change significantly after it had been used in serum for 3 to 5 h. The values obtained, as well as the colorimetrically determined concentrations of total magnesium, are given in Table 1 . The concentrations of free magnesium in the five serum samples mentioned above were 71% to 83% of the total magnesium present. Under physiological conditions (37 #{176}C, pH 7.4) the free calcium concentration is expected to be between 1.17 and 1.33 mmol/L (17), and about 65% of total magnesium in serum is expected to be not complexed (including binding to proteins) (18) . In our studies the temperature of the samples was 21 #{176}C and the pH was about 7.7 (see Table 1 ). Because the pH of the samples exceeded 7.4, less free calcium and magnesium should be expected than under physiological conditions. However, at the lower temperature of 21 #{176}C the concentration of free calcium in serum may increase, as described by Loken et al. (19) . The same results are to be expected for the free magnesium concentration in blood serum.
The development of magnesium carriers with better discrimination of Ca2 and higher lipophilicity is in progress. If a carrier with sufficient selectivity can be found, a linear calibration curve would result and the proposed correlation procedures for Ca2 interference would be superfluous. A slight improvement in selectivity to log KCa = -1.05 has already been achieved. lonophores with higher lipophilicity would increase the lifetime of the electrode and possibly eliminate the instability in the E0 shift. This would provide a better accuracy for the measure- However, the procedure is faster than the one described above and can be applied to samples at physiological pH.
